Introduction
The mortality rate from gastric cancer has continued to decrease since the 1960s; however, it still remains the second major cause of cancer death in Japan. Thus, continuous social measures are still needed for the early detection of gastric cancer [1] .
Screening for gastric cancer with photofl uorography, which was introduced in the 1960s, is an epidemiologically effective method of reducing the mortality rate of gastric cancer [2, 3] . Recently, however, some problems have been pointed out; there have been decreases in effi ciency, decreased coverage rates, and decreased new participants in gastric cancer screening.
On the other hand, the measurement of serum pepsinogen (PG) I and PGII levels, which was developed as a serological marker for the diagnosis of chronic atrophic gastritis, an accepted background factor of gastric cancer, by Samloff et al. [4] and Miki et al. in the 1980s [5] , was introduced as a screening method for gastric cancer in the 1990s [6] [7] [8] [9] .
Although there have been many cross-sectional reports of the validity of the PG test method, there are no reports comparing the screening validity of the PG test method with that of conventional X-ray examination (a standard screening method for stomach cancer in Japan), directly in the same population, using a follow-up study. Therefore, we conducted a follow-up study to reveal the validity of both the PG test method and X-ray examination in the same population in a health checkup setting in Japan.
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Subjects and methods

Subjects
From April 2000 to March 2001, 12 120 residents (7590 male, 4530 female) of Osaka Prefecture, who underwent opportunistic screening at a medical checkup organization (hereafter, "the organization") in Osaka city, were enrolled in this study. They received both a barium meal examination and a serum PG test simultaneously as screening for gastric cancer. Subjects who had renal dysfunction or a history of gastrectomy were excluded from the study.
Methods
In the organization, individuals with a PGI level of ≤30 ng/ml and a PGI/PGII ratio of ≤2.0 were advised to undergo esophagogastroduodenoscopy (EGD). Those with abnormal X-ray fi ndings, such as elevated or depressed lesions of the stomach, were also advised to undergo EGD. Serum PG levels were measured using the ARCHITECT PGI & PGII assay, a chemiluminescent microparticle immunoassay (Abbott Laboratories, Chicago, IL, USA). The PG test for gastric cancer screening was fi rst introduced in 2000 at the organization. X-ray examination with direct radiography was performed using the double-contrast barium meal method adopted at most Japanese medical institutions that conduct arbitrary checkups.
All participants were followed up for a 1-year period after screening. Of the participants advised to undergo endoscopic examination, the results of those who were examined at the same organization were tallied. The other participants were checked with the Osaka Cancer Registry in January 2006, when the registration was fi xed up to March 2002, in order to identify the incidence of stomach cancer. As a general rule, all patients diagnosed with gastric cancer, including early cancer, at any hospital in Osaka prefecture are registered with the registry. The sensitivity, specifi city, and positive predictive value (PPV) with 95% confi dence intervals (CIs) for the PG test method, with a PGI cutoff level of ≤30 ng/ml and PGI/PGII ratio of ≤2.0, and X-ray examination to diagnose stomach cancer were calculated. The protocol of this study was approved by the ethics board of Kyoto Prefectural University of Medicine.
Results
Two-thirds of the subjects were male. The age of the 12 120 subjects ranged from 15 to 84 years (median, 50 years) in the male group and from 22 to 84 years (median, 49 years) in the female group. Subjects (both male and female) in their forties made up the highest number among age brackets. There were 9860 subjects (81.4%) older than 40 years (Table 1) . Of the 12 120 subjects, 3045 (25.1%) had undergone a medical checkup for the fi rst time, 1579 persons (13.0%) for the second time, and 7496 persons (61.9%) for the third time or more.
Of the 12 120 subjects who participated in this study, 493 (4.1%) met the criterion of the organization for a positive PG test and 728 participants (6.0%) were found to have abnormal fi ndings on the direct X-ray examination of the stomach. Fifty-four subjects (0.4%) were positive for both methods.
All gastric cancer cases included in the results of the two screening tests, and the clinical features of gastric cancer, are shown in Table 2 . Thirteen gastric cancer cases (2 advanced type and 11 early type) were diagnosed by successive EGDs at the same organization. An additional 6 gastric cancer cases (1 advanced type, 4 early type, and 1 undetermined type with neighboring lymph node metastasis) were identifi ed by the record linkage with the Osaka Cancer Registry. These 6 cases were registered by hospitals in Osaka and did not include cases with death certifi cate only (DCO), that is, cases identifi ed solely from death certifi cates.
The sensitivity, specifi city, and PPV of the PG test method with a PGI cutoff level of ≤30 ng/ml and PGI/ PGII ≤ 2.0, the criteria for recommendation of a further examination, for all participants were 36.8% (95% CI, 15.2%-58.5%), 96.0% (95% CI, 95.6%-96.3%), and 1.4% (95% CI, 0.38%-2.46%), respectively. These values for the direct X-ray examination were 68.4% (95% CI, 47.5%-89.3%), 94.1% (95% CI, 93.7%-94.5%), and 1.8% (95% CI, 0.82%-2.75%), respectively (Table 3 ). For participants who had received a checkup for the fi rst time, the sensitivity, specifi city, and PPV of the PG test method with a PGI cutoff level of ≤30 ng/ml and PGI/PGII ≤ 2.0 were 33.3%, 97.3%, and 1.2%, respectively. These values for the direct X-ray examination were 33.3%, 92.2%, and 0.4%, respectively. 
Discussion
In the present study, the PG test method with a PGI cutoff level of ≤30 ng/ml and PGI/PGII ratio of ≤2.0, the criterion adopted for gastric cancer screening by the organization, showed a relatively lower level of sensitivity, a similar level of specifi city, and a similar PPV compared with the direct X-ray method.
A screening program with an upper gastrointestinal series has been confi rmed as an effective method in reducing the mortality from gastric cancer in Japan [10] . Since the X-ray method with photofl uorography was fi rst introduced for stomach cancer screening in the 1960s, it has played a key role in gastric cancer screening in both the settings of population-based screening as public policy and opportunistic screening [11] . About 140 000 inhabitants participated in population-based gastric cancer screening by the X-ray method in 1982. The participants increased year by year in the 1980s and have numbered about 4 million since the 1990s [12] . The approximate sensitivity, specifi city, and PPV of the Xray method were reported to be 70%-80%, 90%, and 0.7%-2.0%, respectively [13] [14] [15] [16] [17] [18] .
However, a decrease in the effi ciency of the conventional gastric cancer screening has recently been pointed out. Because people eschew such uncomfortable sideeffects of the X-ray method as constipation and ileus due to the barium meal, the number of participants in the program has hovered at around 13% of the target population. Furthermore, it is necessary to pay attention to the fact that the infection rate of Helicobacter pylori, one defi nitive cause of gastric cancer, is known to have fallen recently, particularly in the younger generation. Effective gastric cancer screening cannot be achieved by the conventional method that advises all inhabitants who have reached the appropriate age to undergo X-ray examination. To continue gastric cancer screening in the future, it is important to focus on the groups at high risk of gastric cancer and to centralize the examination system, one of the social resources, accordingly. Chronic atrophic gastritis caused by Helicobacter pylori infection is thought to be the predominant risk factor for gastric carcinogenesis [19] [20] [21] . Especially, intestinal-type gastric cancer located in the gastric antrum has a stepwise carcinogenic process; chronic atrophic gastritis-intestinal metaplasia-dysplasiagastric cancer. Endoscopic fi ndings are useful for making the diagnosis of chronic atrophic gastritis. Kimura [22] has reported that gastric mucosal atrophy progresses from the pyloric side to the oral side with age.
In the 1980s, Samloff et al. [4] and Miki et al. [5] reported that an estimate of the extent of gastric mucosal atrophy was possible by measuring serum PGI and PGII levels. Although PGI is secreted from the fundic gland region of the stomach, PGII is secreted from the fundic and pyloric gland regions of the stomach and also from the duodenum [23, 24] . When mucosal atrophy advances from the pyloric gland region towards the oral side, as in the process of chronic atrophic gastritis, the PGI level and PGI/PGII ratio decrease progressively. A trial to use the serum PG level for gastric cancer screening was started in the 1990s, based on this principle. Previous studies have reported that the sensitivity and specifi city of the PG method were 56.8%-88.5% and 81.3%-92.0%, respectively [25] [26] [27] [28] [29] .
Currently, either of the two methods, or both, have been used as population-based and opportunistic screening examinations for gastric cancer. However, although there have been many cross-sectional reports of the validity of the PG test, there have been no reports comparing the screening validity of the PG test method with that of the conventional X-ray examination directly in the same population, using a follow-up study.
Therefore, we adopted a follow-up method in the present study. The reliability of validation may be decreased because of the occurrence of false-negatives when the validity of screening methods is tested only for subjects with positive results and for those who undergo thorough examinations sequentially. We were able to assess the effi cacy of two different screening methods precisely, because we verifi ed the incidence of gastric cancer using follow-up data on the 12 120 participants who were tested by both the PG method and the X-ray method simultaneously. Specifi cally, we cross-checked the participants in opportunistic screening at a medical checkup organization in Osaka city to assess whether stomach cancer occurred for 1 year after examination, by means of a record linkage to the Osaka Cancer Registry. From verifi cation in the registry, we were able to identify 6 gastric cancer cases in addition to the 13 cases diagnosed by successive EGD at the same organization.
Until now, the three main positive criteria for the PG test method used for gastric cancer screening in Japan have been: PGI ≤ 70 ng/ml and PGI/PGII ≤ 3.0; PGI ≤ 50 ng/ml and PGI/PGII ≤ 3.0; and PGI ≤ 30 ng/ml and PGI/PGII ≤ 2.0. The last criterion refl ects the most severe gastric mucosal atrophy, and the highest risk for developing gastric cancer. As sensitivity deteriorates and specifi city rises in the order of the positive criteria mentioned before, Miki et al. [29] have recommended the criteria of PGI ≤ 70 ng/ml and PGI/PGII ≤ 3.0 in screening for gastric cancer. The organization adopted the strictest criterion partly because it was diffi cult to perform EGD in a larger number of subjects, considering cost-effectiveness and the limited capacity of the organization, and also because the PG test was added to the existing X-ray screening. In fact, two gastric cancer cases were detected additionally with the PG method. However, the sensitivity of 36.8% (95% CI, 15.2%-58.5%) with a PGI cutoff level of ≤30 ng/ml and PGI/PGII ≤ 2.0 is not enough for a single screening test.
In comparison, when we calculated the same values with a PGI cutoff level of ≤70 ng/ml and PGI/PGII ≤ 3.0, the criterion recommended by Miki et al. [29] , the sensitivity, specifi city, and PPV were 68.4% (95% CI, 47.5%-89.3%), 85.6% (95% CI, 84.9%-86.2%), and 0.7% (95% CI, 0.34%-1.14%), respectively. That is, the sensitivity was the same, the specifi city was lower, and the PPV was slightly lower compared with the values for the direct X-ray examination. Moreover, there was a possibility that more gastric cancer cases, including cases that might not have been detected during the follow-up period or by X-ray, could have been diagnosed if this cutoff level had been used at the organization. Therefore, the PG test method alone, using the criteria of the organization, is not suitable for gastric cancer screening unless more valid criteria are used and/or the PG test is added to the X-ray method.
There are some limitations to our study. It is generally believed that intestinal-type early gastric cancer tends to progress slowly. As we did not carry out EGD for all participants who underwent gastric cancer screening, the possibility of false-negatives cannot be denied, even though follow up was done for 1 year. In addition, we could not cross-check gastric cancer cases diagnosed at institutes outside Osaka. Moreover, as the reported DCO rate of the Osaka Cancer Registry in 2000 was 24.3%, this indicates that not all gastric cancer cases diagnosed prior to death were registered in the Osaka Cancer Registry.
Some researchers have pointed out the need to consider that although the PG method has an advantage in diagnosing intestinal-type gastric cancer derived from atrophic gastritis, the X-ray method has an advantage in diagnosing diffuse-type gastric cancer [30] . In fact, among the 19 gastric cancer cases detected in the present study, 8 cases were negative for the PG method, 2 were negative for the X-ray method, and 4 were negative for both. However, our data could not be used to indicate the appropriate combination of the two screening methods. To solve this problem, a prospective study, which can estimate the appropriate combination of the PG test method with a valid cutoff level and the X-ray method, setting the mortality rate as an end point, is needed in the future.
Conclusion
We conclude that the PG test method alone with a PGI cutoff level of ≤30 ng/ml and PGI/PGII ≤ 2.0 is not an appropriate screening test for gastric cancer, as it showed a relatively lower level of sensitivity, a similar level of specifi city, and a similar PPV compared with the values for the direct X-ray method. Considering the ease of PG measurement and the ineffi ciency of gastric radioscopy, it is desirable to study an effective combination of screening methods for gastric cancer, focusing on high risk populations.
